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Abstract
Background—Differences in healthcare utilization after stroke may partly explain race or gender 
differences in stroke outcomes and identify factors that might reduce post-acute stroke care costs.
Aim—To examine systematic differences in Medicare claims for healthcare utilization after 
hospitalization for ischemic stroke in a United States (US) population-based sample.
Methods—Claims were examined over a 6-month period after hospitalization for 279 ischemic 
stroke survivors 65 years or older from the REasons for Geographic and Racial Differences in 
Stroke (REGARDS) study. Statistical analyses examined differences in post-acute healthcare 
utilization, adjusted for pre-stroke utilization, as a function of race (African American vs. White), 
gender, age, stroke belt residence, income, Medicaid dual-eligibility, Charlson comorbidity index, 
and whether the person lived with an available caregiver.
Results—After adjusting for covariates, women were more likely than men to receive home 
health care and to use emergency department services during the post-acute care period. These 
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effects were maintained even after further adjustment for acute stroke severity. African Americans 
had more home health care visits than Whites among patients who received some home health 
care. Having a co-residing caregiver was associated with reduced acute hospitalization length of 
stay and fewer post-acute emergency department and primary care physician visits.
Conclusions—Underutilization of healthcare after stroke does not appear to explain poorer 
long-term stroke outcomes for women and African Americans in this epidemiologically-derived 
sample. Caregiver availability may contribute to reduced formal care and cost during the post-
acute period.
Keywords
Stroke; Medicare; Healthcare utilization; Epidemiology; Population-based; Caregiving
Multiple studies in the United States (US) have found that African Americans experience 
more severe strokes and recover less completely than Whites,1–4 and that women have 
poorer functional outcomes after stroke than men.3,5,6 Most of the previous studies on post-
acute care and outcome disparities after stroke have identified stroke survivors after their 
stroke events from clinical registries. Although clinical samples have important strengths, 
the enrolled patients from such studies may have more impairments and other differences 
from stroke survivors detected prospectively in epidemiological studies. Methodological 
differences in sample composition and the control of possible confounders, such as the 
availability of a co-residing caregiver, are especially important to consider when examining 
potential race- or gender-based disparities.
The economic costs of acute and post-acute healthcare for stroke in the US are projected to 
more than double over the next few decades.7 Because most stroke survivors are over age 
65, most of this projected increasing cost is expected to be covered by the federal Medicare 
insurance program. Systematic studies of healthcare utilization after stroke using population-
based samples are, therefore, needed to identify factors that may contribute to positive 
outcomes and to suggest reimbursement adjustments or other cost-saving innovations. The 
present study used claims data to examine demographic differences in post-acute healthcare 
utilization over a 6 month-period after hospitalization for ischemic stroke. All participants 
had traditional fee-for-service Medicare coverage, which is the most common form of health 
insurance for US citizens over age 65 and provides payments for individual services as 
opposed to bundled services.
Methods
Participants
Data were extracted from participants enrolled in the national REGARDS study that was 
designed to identify the causes of regional and racial disparities in stroke mortality. Potential 
participants were randomly sampled from a commercially available nationwide list of postal 
addresses and telephone numbers. Eligible participants had to be 45 or more years of age at 
enrollment and self-identify as either African American or White. African Americans and 
residents of the “stroke belt” (Southeastern states of the US) were oversampled by design. A 
population-based sample of 30,239 participants was therefore enrolled into the REGARDS 
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study from 2003 until 2007 from the 48 contiguous States of the US. After an initial 
telephone interview, participants were examined in their homes and provided written 
informed consent that included consent to seek and obtain medical records and insurance 
claims related to possible stroke events. Additional details about the recruitment, enrollment, 
and assessment procedures for REGARDS have been described in more detail elsewhere.8,9 
All procedures were approved by the institutional review boards of participating institutions.
The 279 REGARDS participants who selected for the present analyses were hospitalized for 
an ischemic stroke between July 2004 and June 2013, were 65 or more years of age at the 
time of stroke, survived for at least 6 months after the stroke, and had traditional fee-for-
service Medicare coverage for 13 or more continuous months around the stroke date. For 
participants with multiple ischemic stroke hospitalizations, only the first event that met 
Medicare coverage criteria was included.
Procedures
Descriptive information (date of birth, education, income, marital status) were obtained 
during a computer-assisted telephone interview (CATI) conducted at enrollment into 
REGARDS. CATI questions also collected information on household composition and the 
availability of a potential family caregiver.
Follow-up CATIs are conducted every 6 months to inquire about hospitalizations and other 
incidents (e.g., symptoms, emergency room visits) that might indicate possible stroke events. 
Medical records are then retrieved, and all strokes examined in this report were confirmed to 
be ischemic stroke events by an adjudication committee consisting of neurologists and other 
physician adjudicators.9 Acute hospitalization records were also evaluated to obtain a 
retrospective assessment of stroke severity at discharge based on the National Institutes of 
Health Stroke Scale (NIHSS) for 249 (89%) of the patients.10
Measures Extracted from Medicare Claims Files
Multiple Medicare claims files were linked for each patient by a unique beneficiary 
identification number. Brief descriptions of the healthcare utilization measures extracted 
from these files are provided here. More detailed descriptions are available in a Supporting 
Information Table S1.
Charlson Comorbidity Index—The index was calculated using valid ICD 9 diagnosis 
codes from the inpatient, outpatient, and physician claim (carrier) files for the year 
preceding the stroke. These codes were then mapped to seventeen comorbid conditions, 
weights were assigned, and the index was calculated.11,12
Medicaid Dual-Eligibility Status—Patients with severely limited financial resources 
may also be eligible for State-sponsored Medicaid assistance. Participant who received such 
assistance during the month of the stroke or at any point in the 6 months after stroke were 
coded as dual eligible.
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Inpatient Rehabilitation Facility (IRF) and Skilled Nursing Facility (SNF) 
Admissions—Admissions to an IRF or a SNF were identified from the inpatient base 
claim files and the SNF base claim files, respectively.
Lengths of Stay—Acute hospitalizations up to 15 days after the stroke event and 
admissions to an IRF were identified from the inpatient base claim file. The number of days 
between admission and discharge was calculated for the acute hospitalization length of stay. 
For IRF and SNF admissions, the duration in days was calculated from the difference in 
days between the first and last day in these facilities. Multiple adjacent claims with dates of 
admission within one day of a previous discharge date were combined into one continuous 
record.
Outpatient Physician Visits—Provider specialty codes were examined from outpatient 
and physician claim files to determine the number of visits to all physicians, to primary care 
physicians, and to neurology specialty care.
Home Health Agency (HHA) Visits—The number of HHA visits were extracted from 
the HHA revenue file. Each revenue center code represents 15 minutes (0.25 hours) of 
service.
Physical Therapy (PT), Occupational Therapy (OT) and Speech and Language 
Pathology (SLP)—Hours of therapy were calculated from revenue center codes for IRF, 
SNF, outpatient, and HHA files. Summing the total number of visits and dividing by 4 gives 
hours of each type of therapy.
Emergency Room (ER) Visits—The number of ER visits was calculated by examining 
the relevant revenue center codes in both the inpatient and outpatient files.
Statistical Analysis
The primary goals were to examine demographic predictors of changes in healthcare 
utilization from before the index stroke event to the 6-month post-acute period after stroke. 
For many measures, utilization frequently occurred before the stroke event, and a pre-stroke 
utilization measure for the 6-month period before stroke was used as a covariate of post-
stroke utilization. Figure 1 illustrates the definition of these periods and the overall 13-
month time period for the analyses.
Our general analytic strategy was to examine each utilization measure in two 
complementary analyses. First, a binary logistic regression analysis was used to examine the 
predictors of having any (versus none) of a certain type of utilization (e.g., inpatient 
rehabilitation, HHA) after stroke. Second, among the subset of participants who had some 
utilization of a particular type, an analysis of covariance was used to examine differences in 
the amount of care received (e.g., number of days of inpatient rehabilitation, HHA visits). 
The primary predictor variables in both models were race (African American vs. White) and 
gender. Other predictors/covariates included the pre-stroke utilization measure, age, stroke 
belt residence (yes vs. no), income at the time of REGARDS enrollment (>= $35,000 per 
year, < $35,000 per year, missing), whether the person lived with an available caregiver at 
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REGARDS enrollment, pre-stroke Charlson comorbidity index, and Medicaid dual-
eligibility status. In addition, supplemental analyses were conducted that added the NIHSS 
stroke severity score at discharge as an additional covariate for the 248 patients for whom 
this score was available.
Results
Descriptive Information
Figure 2 summarizes the selection criteria that resulted in an analytic sample of 279 stroke 
survivors from the 923 REGARDS participants who experienced an adjudicated ischemic 
stroke during the study period. Among the 661 stroke survivors who were 65 or more years 
of age, 392 (59%) had traditional fee-for-service Medicare coverage (Medicare A+B) 
throughout the 13-month analytic period. These participants were more likely to be White 
(66% vs. 49%) and male (54% vs. 34%) than participants who were not continuously 
enrolled in traditional Medicare (ps < .05).
Descriptive data for the 279 patients included in the present analyses are summarized in 
Table 1. There were more men among the White than African American stroke survivors 
(57.9% vs. 42.6%, p = .014), so further race and gender comparisons on other descriptive 
variables were adjusted for this association. African Americans were significantly younger, 
less likely to be married, less likely to reside in the stroke belt, had lower incomes, higher 
Charlson comorbidity scores, and were more likely to be dual-eligible than Whites (all ps < .
05). Similarly, women had lower incomes, were less likely to be married, less likely to be 
living with an available caregiver, and more likely to be dual-eligible than men (all ps < .01). 
No significant differences were found by either race or gender on the length of stay of acute 
stroke hospitalization.
Descriptive analyses of post-acute care patterns indicated that 27.6% of the 279 patients 
were admitted to an IRF, 19.7% were admitted to a SNF, and 34.4% received HHA care. 
Only 12 patients (4.3%) received all 3 types of post-acute care, whereas 132 patients 
(47.3%) did not receive any of these 3 types of post-acute care.
Race and Gender Differences in Post-Acute Healthcare Utilization
The statistical tests of possible race and gender effects from the multivariable logistic 
regression analyses that examined health care utilization over the 6-month post-acute period 
are summarized in Table 2. No significant differences by race or gender were found for IRF 
admission, SNF admission, or other types of hospitalization. In addition, among those who 
were admitted to rehabilitation facilities, no race or gender differences were found on the 
number of days spent in IRF or SNF from the linear regression analyses.
Women were more likely than men to have an ER claim (adjusted OR = 2.373, p = .006) and 
to receive HHA care during the 6-month post-acute period (adjusted OR = 1.918, p = .042). 
Among the 112 participants with at least one ER visit, the linear regression models revealed 
no differences by race or gender in the total number of ER visits. For HHA care, African 
Americans had more HHA visits than Whites (adjusted means = 7.4 and 3.8, respectively, p 
= .003) among the 96 patients who received some HHA care. There were no significant 
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differences in the rates of receipt or number of hours of PT, OT, or SLP by race, but there 
was a trend that approached statistical significance for women to be more likely to receive 
physical therapy than men (adjusted OR = 1.789, p = .055).
Supplemental analyses of 248 patients with NIHSS severity scores at discharge found that 
women (M = 2.63) had worse scores than men (M = 1.88 p = .048). When NIHSS score was 
added as an additional covariate to the models summarized in Table 2, both of the significant 
effects for gender remained (ps < .05; see Table S2).
Effects of Covariates
Many of the covariates (age, stroke belt residence, income, co-residing caregiver availability, 
Charlson comorbidity index, dual eligibility status) did not have significant unique effects on 
most healthcare utilization measures. However, after adjusting for the other covariates, a 
higher Charlson comorbidity score was associated with longer acute stroke period length of 
stay (b = 0.355, p = .004), more primary care outpatient physician visits (b = 0.050, p = .
008), an increased likelihood of receiving physical therapy (adjusted OR=1.148, p=0.049), 
and an increased likelihood of SNF admission (adjusted OR=1.162, p=0.047). Older patients 
were more likely than younger patients to be admitted to a SNF (adjusted OR = 1.084, p = .
002) and were more likely to be hospitalized in the 6-month post-acute period for reasons 
other than rehabilitation (adjusted OR = 1.051, p=0.029). Medicaid dual eligibility was 
associated with a longer acute period length of stay (b = 1.342, p = 0.049), a greater 
likelihood of HHA visits (adjusted OR = 2.116, p = 0.040), and with more claims for 
primary care outpatient physician visits (b = 0.255, p = .016). In addition, living with an 
available caregiver was associated with reduced utilization including a shorter acute stroke 
period length of stay (b= −1.123, p=0.0496), fewer primary care visits (b = −0.178, p = .041) 
and fewer ER visits after stroke (b = −0.100, p = 0.042).
Discussion
The present analyses of US Medicare claims data indicated a wide variety of post-acute care 
patterns after ischemic stroke. Although poorer outcomes after stroke have been reported for 
African Americans1–4 and for women,3,5–6 these effects do not appear to be due to an 
underutilization of healthcare after stroke for patients from these two groups. Our covariate-
adjusted analyses did not reveal any measures for which African Americans or women 
received less care after stroke than Whites or men, respectively. Some previous studies have 
reported that African Americans were more likely than Whites to receive rehabilitation 
services after stroke or to have longer stays in rehabilitation facitlities,13,14 but the evidence 
is mixed,14 and no race differences on post-stroke rehabilitation utilization have been found 
in earlier US samples of older Medicare beneficiaries15 or predominantly-male military 
veterans.16 Taken together, our findings are consistent with the bulk of the existing evidence 
and suggest that African Americans in the US do not consistently receive less post-acute 
care after stroke than Whites.
Significant differences were found between women and men in our analyses on multiple 
post-acute healthcare utilization measures. After controlling for many covariates that might 
also affect healthcare utilization (e.g., age, income, comorbidity, Medicaid dual eligibility, 
Roth et al. Page 6
Int J Stroke. Author manuscript; available in PMC 2017 July 20.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
caregiver availability, initial stroke severity), women received more home-based care and ER 
care in the 6-month post-acute period than men. Several widely-studied demographic 
variables (e.g., age, comorbidity, dual eligibility status) were also associated, as expected, 
with higher post-acute care.
One variable that is less commonly studied in stroke research is caregiver availability, and 
our findings revealed that living with a co-residing caregiver was associated with a shorter 
acute period length of stay, fewer ER visits, and fewer primary care physician visits after 
controlling for covariates. Having an available caregiver might facilitate post-acute care 
options, such as early supported discharge,17 and this may result in shorter acute 
hospitalization lengths of stay. The additional caregiver availability findings are consistent 
with broader health services research on the potential for informal, unpaid care to reduce the 
needs for some more formal healthcare services.18
Limitations of our findings include a reliance on Medicare claims to assess health care 
utilization after the acute hospitalization. Claims are submitted for reimbursement purposes 
and not for documenting the type of care actually provided.19 For some patients, care may 
have been provided but reimbursement claims were not submitted. In addition, all patients in 
our analyses were 65 or more years of age and traditional Medicare beneficiaries. Race 
disparities may be more likely for younger stroke survivors, or for those with non-traditional 
managed care Medicare coverage, where differences in insurance coverage might have more 
impact. Additional research is necessary to examine possible care disparities among the 
populations that were not included in the present analyses.
Strengths of our analyses include the national, population-based sample, use of a 
standardized claims database, and statistical adjustment for utilization levels before the 
ischemic stroke hospitalization. All strokes were adjudicated as ischemic stroke events by an 
expert review panel, and previous analyses have found considerable agreement between 
those adjudication decisions and the diagnostic codes in the Medicare claims files.20
Future work should incorporate long-term analyses of care utilization that are linked to 
comprehensive assessments of functional outcomes. A subset of the REGARDS stroke 
survivors have been enrolled in a long-term observational study of stroke outcomes,3,21 and 
additional analyses of these stroke survivors should be informative for examining links 
between stroke severity, care utilization, and psychosocial influences on long-term 
functional outcomes.
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Figure 1. 
Timeline of Pre-Stroke, Acute Stroke, and Post-Stroke Periods.
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Figure 2. 
Flowchart of Participant Exclusions.
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Table 1
Descriptive Information by Race and Gender
African Americans Whites
Variable Men Women Men Women
   N 43 58 103 75
   Age at Stroke (M ± SD) 73.7 ± 6.2 74.2 ± 6.0 76.8 ± 6.3 77.8 ± 6.1
  Stroke belt residence – Yes (N, %) 22, 51.2 31, 53.5 66, 64.1 54, 72.0
  Income > $35,000 (N, %) 15, 34.9 11, 19.0 58, 56.3 17, 22.7
  Marital Status – Married (N, %) 31, 72.1 13, 22.4 88, 85.4 20, 26.7
  Live with available caregiver – Yes (N, %) 25, 58.1 6, 10.3 71, 68.9 15, 20.0
   Charlson comorbidity Index (M ± SD) 3.5 ± 2.1 3.4 ± 2.3 2.7 ± 1.8 2.6 ± 1.9
   Medicaid dual-eligibility
      Yes (N, %) 5, 11.6 23, 39.7 7, 6.8 12, 16.0
      No (N, %) 38, 88.4 35, 60.3 96, 93.2 63, 84.0
  Interval between enrollment date and date of stroke – Years (M ± SD) 3.8 ± 2.2 3.9 ± 2.4 4.0 ± 2.4 3.5 ± 2.1
  Acute hospitalization length of stay (M ± SD) 4.7 ± 3.3 5.5 ± 4.1 4.6 ± 4.6 5.0 ± 3.5
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